In Ghana, malaria among pregnant women accounts for about 14% of Out Patient Department (OPD) attendance, 11% of admissions, and 9% of deaths (Odjidja et al. 2017) .
Malaria infections cause a tremendous burden on the health systems in these countries and primarily affect pregnant women (WHO 2003) . Malaria during pregnancy results in adverse birth outcomes and poor maternal health (WHO 2014) . When the mother is infected during pregnancy, the parasite is passed along with the fetus. This event results in stillbirths and low birth weight which is the single greatest risk factor for neonatal deaths. A rapid and severe case of malaria during pregnancy can also weaken the immune system, which cause maternal and fetal anemia, seizures, coma, or respiratory infection, all of which lead to death (Dellicour et al. 2010) .
Consequently, the WHO recommends protection for women during pregnancy. Until recently, prevention consisted of weekly chemoprophylaxis with either chloroquine or sulfadoxine-pyrimethamine (SP) (WHO 2004) . Because of poor patient compliance with prophylaxis and increasing resistance of parasite strains to chloroquine, administration of intermittent preventive treatment in pregnancy (IPTp) with SP (ITPp-SP) is now recommended for all pregnant women living in areas with stable to high malaria transmission (Braun et al. 2015) . SP is given during antenatal visits at curative doses (1500 mg sulfadoxine and 75 mg pyrimethamine; that is, 3 × the prophylactic dosage previously used) at least twice during pregnancy, once at the second trimester and once at least 1 month after the first treatment (Ibrahim et al. 2017) .
Following the recommendation of the WHO in 2000, Ghana adopted a new malaria treatment policy in 2004 which was revised in 2007, and, again, in 2012. The country, thus, moved from the use of mono-therapy to combination therapy using artemisininbased combination therapy (ACT) (Plan 2014) . Part of this policy was the change from use of weekly chloroquine chemoprophylaxis to SP as intermittent for malaria prevention during pregnancy (WHO 2014) . The recommended interventions for malaria in pregnancy consist of three tenets; intermittent preventive treatment (IPT), insecticidetreated bed nets (ITNs), and appropriate case management of malaria illness (Desai et al. 2007) .
Besides their clinical efficacy, the effectiveness of these interventions depends on the attitudes and behaviours of pregnant women and the wider community, which are shaped by social and cultural factors. Attitudes towards and understandings of pregnancy, pregnancy care, malaria, and other illnesses can interact and influence how, where, and when pregnant women seek malaria prevention and treatment (Dhiman et al. 2012) . Furthermore, the social and cultural context has important implications for the provision of malaria prevention or treatment, whether as part of routine ANC at a health facility or care sought from a local healer (Dellicour et al. 2010) .
The study by Dhiman et al. (2012) showed that women's limited knowledge about the health consequences of malaria during pregnancy, antenatal clinic (ANC) health workers' lack of familiarity with IPTp, and the association of sleeping under a bed net when pregnant or receiving IPTp with education and/or wealth were significant predictors of IPTp-SP uptake. Ibrahim et al. (2017) demonstrated that having a good knowledge of malaria in pregnancy and IPT of malaria in pregnancy can significantly influence the uptake of optimal doses of SP. In addition, encouraging women to attend antenatal care regularly (at least four visits) could also increase the optimal uptake of sulfadoxine-pyrimethamine. Pell et al. (2011) revealed understandings of ANC, health worker-client interactions, household decision-making, gender relations, cost, and distance to health facilities affect pregnant women's access to malaria in pregnancy interventions, and lack of healthcare infrastructure limits the uptake of IPTp-SP. The number of visits to antenatal clinics, governance, finance, product and technology, health workforce, health information, and service delivery were underlying factors identified as affecting optimal uptake of IPTp-SP in Ghana (Odjidja et al. 2017) .
In determining the level of uptake of SP as baseline for monitoring progress and reviewing stock levels of SP, Owusu-Boateng and Anto (2017) carried out a cross-sectional hospital-based study among nursing mothers who had delivered within 12 weeks and seeking postnatal care at the Osu Government Maternity Home in Accra, Ghana. The results of this study indicated that the proportions of uptake of the three-to-five doses of SP were: IPTp3 (87.5%), IPTp4 (55.7%), and IPTp5 (14.5%), even though the stock levels of SP were adequate to meet the needs by the pregnant women at the Maternity Home for the period under review.
Elsewhere in sub-Saharan Africa, IPTp-SP uptake is affected by stock-out and nonadherence to protocols by health care providers (Plan 2014) . Several other servicerelated and community factors, such as unavailability of skilled attendants at ANC, low or lack of male partner involvement in antenatal clinic (Yargawa and Leonardi-Bee 2015) , poor attitudes of clinic staff, and pregnant women not registering at antenatal clinics, hinder the implementation of IPTp-SP (ter ). In some cases, the women are given the drug, and yet, they do not swallow it as it is not always given as directly observed therapy (Plan 2014) . Braun et al. (2015) performed systematic review and meta-analysis of trials to determine whether regimens containing three or more doses of SP for intermittent preventive therapy during pregnancy are associated with a higher birth weight or lower risk of low birth weight (LBW) (< 2500 g) than standard two-dose regimens. Results indicated that three or more doses were associated with fewer LBW births and the ≥ 3-dose group had less placental malaria; however, there were no differences in rates of serious adverse events.
Although these factors have been studied largely using qualitative methods, quantitative research also offers important insights. Ghana has adopted WHO recommendations on the use of SP for IPTp since 2004, but coverage still remains generally low. Like many other endemic countries, Ghana's ability to achieve the global target of 80% IPT coverage still poses a great challenge (Yargawa and Leonardi-Bee 2015) . Data on knowledge and factors enhancing IPT uptake have generally been collected using (more) cross-sectional quantitative methods, such as questionnaires, with comparatively little research based on longitudinal data using quantitative methods. However, quantitative research that situates behaviour in its context is also necessary to give insight into findings highlighted by qualitative research (Gutman and Slutsker 2017) .
In as much as a significant number of studies have been carried out on IPTp-SP uptake, a majority of these studies (e.g. Desai et al. 2007; ter Kuile et al. 2007; Gutman and Slutsker 2017; Owusu-Boateng and Anto 2017; Odjidja et al. 2017; Yargawa and Leonardi-Bee 2015) are cross-sectional with two (Dellicour et al. 2010; Dhiman et al. 2012 ) being meta-analysis. Specifically, in Ghana, IPTp-SP studies which carried out have all been cross-sectional with results indicating low uptake (Owusu-Boateng and Anto 2017; Odjidja et al. 2017) .
Aims
In the light of the issues affecting the uptake of IPTp in Ghana espoused in the foregoing paragraphs, there is the need to identify the key drivers of IPTp-SP uptake. This paper explores the factors that influence IPTp-SP uptake from a longitudinal data set. The novelty of our work is that the study employs the generalized linear modeling approach to elucidate the drivers of IPTp-SP uptake in Ghana. Our study thus presents a statistical enquiry to elucidate the potential main drivers of IPTp-SP uptake in Ghana utilizing a longitudinal data set.
Materials and methods

Data
Data for the study are a longitudinal count data obtained from the Sunyani Municipal Hospital in the Brong Ahafo Region of Ghana. The hospital serves approximately 150,000 residents.
Count data generally are numbers of events per interval (Venables and Ripley 2002). Mathematically, counts are non-negative integers, since an event cannot happen an incomplete or a negative number of times, and essentially, there is no upper boundary to a count, because there can theoretically be close to an infinite number of events taking place.
The longitudinal data set comprises vital maternal variables of interest such as antenatal clinic registration of pregnant women, IPTp uptake, age of pregnant women, family planning, number of visits at the clinic, number of pregnancies and births by pregnant women, distance from their homes to the hospital, male partner attendance at clinic which were recorded over the period of 9 years (from December 2008 to January 2017). These events were recorded on a monthly basis.
The negative binomial method
The negative binomial method which is an extension of the generalized linear models was used in analyzing the longitudinal data set. This method was chosen, because the counts or values recorded for the IPT dosage (IPTp 1-IPTp 5) were over-dispersed (i.e., variance is greater than the mean). The over-dispersion is detailed in Table 1 .
The distribution of negative binomial model for the over-dispersed count data is expressed as follows:
where λ is the mean value or the expected value of the distribution and α is the overdispersion parameter.
The negative binomial model (log transformed) for the study is, therefore:
(1)
Where IPT i = intermittent preventive treatment 1 through to 5; ANC REG = antenatal clinic registration of pregnant women; M ANC = male involvement at antenatal clinic; B 15 19 = pregnant women of age 15-19 who received IPTp; B 20 24 = pregnant women of age 20-24 who received IPTp; B 25 29 = pregnant women of age 25-29 who received IPTp; B 30 34 = pregnant women of age 30-34 who received IPTp; B 35 = pregnant women of age ≥ 35 years who received IPTp; ANC V1 = one visit to the antenatal clinics by pregnant women; ANC V2 = two visits to the antenatal clinics by pregnant women; ANC V4 = four visits to the antenatal clinics by pregnant women; M_PARA = four and greater number of births; P_PARA = first birth of a woman.
The log-linear time-series model
We introduced a log-linear time-series model, which was then used to validate the results obtained from the logistic model. The general form of the model is given as follows:
The model for this study was formulated as follows:
Where LT t is the linear trend at time t; 5 k=1 β k log IPT it−k + 1 is the autoregressive term of IPT; η 1 , η 2 , …, η 5 are the coefficients of the covariates; q ℓ=1 α ℓ v t−ℓ is the summation of the covariates.
Analysis
In building the negative binomial models, the IPTs were used as the response variables for the three separate models. For the independent variables, antenatal clinic (2) (Team 2015) with it packages such as MASS and Zoo were used for the analyses. Figure 1 shows the monthly time-series trend of dosage administered to pregnant women and the monthly ANC registrations from 2008 to 2017. The trend indicates that ANC registration, IPT1, IPT2, and IPT3, had rising trends for the period of 2008-2014. However, beyond 2014 to 2017, there was steady decline in ANC registration as well as IPT P uptake. This result indicates that the uptake of IPT P increases as ANC registration also increases. The IPT4 and IPT5 were not included in the modeling due to the fact that their observed data points were few (3 years). We hold the view that 3 years of observation are not enough to extract the drivers IPTp-SP from the data.
Results
Binomial logistic regression model
The respective means, variances, and ratios of variance to mean of IPT1-IPT5 with their corresponding remarks are given in Table 1 . The over-dispersion remark for IPT1-IPT5 signifies that the Poisson model which is based on equal mean and variance cannot fit the data for the study (data available upon request). In this regard, the negative binomial model which is based on over-dispersion is adopted. The results of the analyses of the longitudinal data set are detailed in Tables 2, 3 , 4, and 5, respectively. Results from the negative binomial model indicate that antenatal registration was statistically significant (P < 0.05) to uptake of IPT1. The results (Table 2 , model 1) show that a unit increase in the proportion of pregnant women who register at antenatal clinic leads to the corresponding increase in the uptake of IPT1 for pregnant women by 1.004, holding the other variables constant. In other words, registering one additional pregnant woman at the antenatal clinic will increase the uptake of IPT1 for pregnant women by 0.4%, with the other variables constant.
The exponentiated values of the model are captured by the second column on Table 2 . From Table 2 , the intercept and ANC REG are statistically significant with the corresponding P values 0.00 and 0.00, respectively. The implication of this result is that the other variables P value > 0.05 are statistically insignificant to uptake of IPT1.
Results from Table 3 (model 2) indicate antenatal registration (ANC REG ), male involvement at antenatal clinic (M ANC ), and the fourth visit (ANC V4 ) to the antenatal clinic which were statistically significant (P < 0.05) to uptake of IPT2. The results as shown in Table 3 imply that a unit increase in the proportion of pregnant women who register at antenatal clinic corresponds to increase of the uptake of IPT2 for pregnant women by 1.005 holding the other variables constant. In addition, a unit increase in the proportion of men involved at antenatal clinic corresponds to increase of the uptake of IPT2 for pregnant women by 1.005 holding the other variables constant. Finally, an increase in the number of the fourth visits to antenatal clinic by pregnant women corresponds to increase of the uptake of IPT2 for pregnant women by 1.001, with the other variables constant.
The implications are that an increase in the proportion of pregnant women who register at antenatal clinics, male involvements at the antenatal clinic, and the number of visits to the antenatal clinic yield the corresponding increase of the uptake of IPT2 by 0.5%, 0.5%, and 0.1%, respectively, with the other variables constant.
The exponentiated values of the model are captured by the second column on the table. From the table, the intercept, ANC REG , M ANC , and ANC V4 are statistically significant with the corresponding P values 0.00, 0.00, 0.02, and 0.00, respectively. The implication of this result is that the other variables with P values > 0.05 are statistically insignificant to uptake of IPT2.
Results detailed in Table 4 (model 3) revealed that antenatal registration (ANC REG ), male involvement (ANC M) at antenatal clinic, and the second (ANC V2 ) and fourth (ANC V4 ) visits to the antenatal clinic by pregnant women were statistically significant (P < 0.05) to uptake of IPT3. The results imply that a unit increase in the proportion of pregnant women who register at antenatal clinic corresponds to increase of the uptake of IPT3 for pregnant women by 1.004 holding the other variables constant. A unit increase in the proportion of men involved at antenatal clinic corresponds to increase of the uptake of IPT3 for pregnant women by 1.007 holding the other variables constant. An increase in the number of the second visits to antenatal clinic by pregnant women corresponds to a reduction or decrease of the uptake of IPT3 for pregnant women by 0.002 holding the other variables constant. Finally, an increase in the number of the fourth visits to antenatal clinic by pregnant women corresponds to increase of the uptake of IPT3 for pregnant women by 1.001 holding the other variables constant. The implications are that an increase in the proportion of pregnant women who register at antenatal clinic, male involvement at the antenatal clinic, and fourth number of visits to the antenatal clinic yield the corresponding increase of the uptake of IPT3 by 0.4%, 0.7%, and 0.1%, respectively, holding the other variables constant. In addition, an increase in the number of the second visits to antenatal clinic by pregnant women yields a reduction or decrease of the uptake of IPT3 for pregnant women by 0.2%, with the other variables constant.
The exponentiated values of model 3 are captured by the second column (estimate) of Table 4 . From the table, the intercept, ANC REG , M ANC , ANC V2 , and ANC V4 are statistically significant (P < 0.05) with the corresponding P values 0.00, 0.00, 0.013, and 0.005, respectively. The implication of this result is that the other variables with P values > 0.05 are statistically insignificant to uptake of IPT3.
The Chi-square test of goodness of fit based on the residual deviance and degrees of freedom was performed. The goodness-of-fit test indicates that the negative binomial models (model 1, model 2, and model 3) fit the data (P > 0.05) ( Table 5 ).
The log-linear time-series model
Tables 6, 7, 8 capture the results for the log-linear time-series models for the uptake of IPT1, IPT2, and IPT3, respectively. The results from the models confirm the results obtained by the negative logistic binomial models. Although the P value is generally used to test the significance of variables in models, the confidence interval was used for the log-linear time-series model. Using the confidence interval approach, the null hypothesis is accepted to be true if the confidence interval includes zero. The significant variables in the model have been highlighted. 
Discussion
Employing the negative binomial logistic and the log-linear time-series models, the study demonstrated clearly that the most significant factors influencing the uptake of IPTp are as follows: pregnant women antenatal clinic registration, male partner involvement at the clinic, and number of visits of the pregnant women at the clinics. Antenatal clinic registration of pregnant women plays a crucial role in the uptake of IPT1, 2, and IPT3. It is also evident from the results of the six models in this study that antenatal clinic registration was statistically significant with a corresponding average increment of 0.4% on the uptake of IPTs. This confirms results obtained by Ibrahim et al. (2017) and ter that pregnant women not registering at antenatal clinics and poor attitudes of health services staff still hinder the implementation of IPTp-SP. Ghana's low uptake (38.5%) of IPTp-SP Odjidja et al. (2017) could, therefore, be scaled up by introducing interventions and measures that will ensure increasing number of pregnant women register at the antenatal clinics.
In developing countries such as Ghana, empirical studies such as Yargawa and Leonardi-Bee (2015) revealed that male involvement in maternal issues is associated with improved maternal health outcomes. In this present study, results from two out of three models confirmed this outcome. As evidenced by the results of the present study, increment in the proportion of men involved in antenatal clinic increases uptake of IPT2 and IPT3 by 0.5% and 0.7%, respectively. 
